Results: A total of 218 hospitals with 64 412 observed patients participated in the PPS 2016. The prevalence of patients with AU was 25.9% (95% CI 25.6%-26.3%). No significant increase or decrease in AU prevalence was revealed in the group of all participating hospitals. Prolonged surgical prophylaxis was found to be common (56.1% of all surgical prophylaxes on the prevalence day), but significantly less prevalent than in 2011 (P , 0.01). The most frequently administered antimicrobial groups were penicillins plus b-lactamase inhibitors (BLIs) (23.2%), second-generation cephalosporins (12.9%) and fluoroquinolones (11.3%). Significantly more penicillins plus BLIs and fewer second-generation cephalosporins and fluoroquinolones were used in 2016. Overall, an increase in the consumption of broad-spectrum antimicrobials was noted. For 68.7% of all administered antimicrobials, the indication was documented in the patient notes.
Introduction
Five years after the second national point prevalence survey (PPS) of healthcare-associated infections (HAI) and antimicrobial usage (AU) in Germany in 2011, a third national PPS was conducted in 2016 following a similar methodology. The first such national survey was conducted in 1994. 1 Results of the 2011 PPS were widely published. [2] [3] [4] The prevalence of patients with AU was calculated to be 25.5% and various points for improvement such as insufficient documentation, extensive use of broad-spectrum antimicrobials and high frequency of prolonged surgical prophylaxis (SP) were described. 2 The 2011 and the 2016 surveys were embedded in the European PPSs that were initiated by the ECDC. Similarly to the 2011/12 PPS, the ECDC organized the 2016/17 PPS in four periods. Germany was among the first countries to conduct the PPS in May and June 2016. European reference data from the 2016/17 ECDC PPS are, therefore, currently not available. In 2011/12, 29 EU countries and Croatia participated in the ECDC PPS. The prevalence of patients who received at least one antimicrobial on the day of the survey was found to be 35.0%. 5 Efforts in promoting antimicrobial stewardship (AMS) in Germany have been intensified in recent years. For the year 2017, it is estimated that over 1000 AMS specialists will have been educated.
Methods

Protocol
As in the 2011/12 survey, the ECDC provided a standardized study protocol that specified uniform definitions and a uniform methodology. 8 The German National Reference Centre for Surveillance of Nosocomial Infections (NRZ) was responsible for organizing the survey in Germany. The ECDC protocol version 5.1 was implemented and materials were translated accordingly. 9 The ECDC offered two different study protocols: a standard protocol and a light protocol. The most relevant difference was that patient data in the light protocol were collected only for patients who had at least one active HAI and/or who had received at least one antimicrobial on the day of the survey, whereas in the standard protocol, patient data were to be recorded for every patient. The light protocol version was applied in Germany in order to reduce the workload for the participating hospitals and to enable participation by a higher number of hospitals.
Representative sample of hospitals
The ECDC required all participating countries to invite a representative sample of hospitals to take part in the survey. Based on population and the structure of the healthcare system, 49 hospitals were calculated as the sample size for Germany. These were randomly selected by the number of beds from the German hospital register 2013. 10 Only hospitals listed as acute care hospitals were included. They were invited to participate in the PPS on a voluntary basis. For every hospital selected, two other hospitals of comparable size were chosen as possible substitutes in case a selected hospital decided against participation. Moreover, all 1462 (as of the first quarter of 2016) hospitals participating in the German Krankenhaus-InfektionsSurveillance-System (KISS) were invited to participate.
Data validation
Ten of the 49 hospitals, which constituted the representative sample, were visited by two members of the NRZ, who represented the gold standard, to perform a validation study of the data collection in order to assess the sensitivity and specificity of the local PPS teams.
Data collection
Data on HAI and AU as well as structural and process indicators were collected. Local staff of the participating hospitals executed the data collection. To ensure application of consistent methodology and definitions, at least one member of the local data collection team per hospital was trained in one of the seven 1 day courses that were organized by the NRZ prior to the start of the PPS.
The data were collected in the months of May and June 2016. The local PPS teams visited the wards of the hospital in succession and reviewed the charts of all patients who were present in the ward and who had been admitted to the ward before 08:00 on the day of survey. Patient data documented in the patient charts as well as further information available from the ward staff upon request were evaluated. Data from outpatients were not included in the survey.
For every patient receiving at least one antimicrobial, the following data were collected: the WHO Anatomical Therapeutic Chemical (ATC5) code of the antimicrobial, 11 the route of application, the indication for AU (therapy versus prophylaxis versus other versus unknown), the site of infection for therapeutic indication and whether documentation of the indication for AU was present in the patient notes.
For therapeutic AU, a distinction was made between therapy for community-acquired infections, for infections acquired in long-term care facilities and for infections acquired in acute care hospitals. Antimicrobial prophylaxis was divided into SP and medical prophylaxis (MP). SP was broken down into single-dose applications (SP1) or multiple applications on 1 day (SP2) or multiple applications over more than 1 day (SP3). Unlike all other data on AU, which represent the antimicrobial consumption on the day of the survey, data on SP were to be collected for the 24 h prior to the day of the survey in order to properly assess its duration.
Only anonymized data were collected and sent to the NRZ. Data collection was in accordance with German recommendations for good epidemiological practice with respect to data collection. 12 At the end of the survey, all participating hospitals were reminded to delete all records containing personalized patient information that had been collected during the survey. Hospitals in Germany are required by the German Protection Against Infection Act (Infektionsschutzgesetz §23) to collect and analyse data on HAI;
13 therefore no ethical approval or informed consent was needed for the survey.
Data management and analysis
In order to process data from the participating hospitals, a web portal was created by the NRZ specifically for the PPS. Participants transferred the collected data via the web portal to the NRZ. Upon receiving the data, the NRZ checked all variables for implausible or erroneous values and performed further validation. EpiR, part of the statistics program R, was used to calculate the 95% CI. To compare prevalence data from 2011 and 2016, the v 2 test was employed. The Mann-Whitney U-test (for unpaired samples) and the Wilcoxon signed-rank test (for paired samples) were used for comparison of structural variables. In addition to the software R, the web-based program OpenEpi, Version 3.01 was used. All tests were two-sided. Statistical significance was defined as a P value ,0.05.
Results
Data on 64 412 patients from 218 hospitals were collected in the PPS 2016. The representative sample of 49 hospitals included data on 11324 patients. A total 17 462 patients were part of a group of 46 hospitals (core group) that participated in 2011 as well as in 2016. Comparison of the overall AU prevalence in the respective groups as documented in the PPS 2016 with data from 2011 yielded diverse results. Whereas there was no significant change in the prevalence of patients with AU in the group of all hospitals, there was a significant decrease in the representative sample and a significant increase in the core group (Table 1) . Similar to the results of the 2011 survey, the majority of hospitals (62.8%) had a prevalence of patients with AU between 20% and 35%.
All results that are illustrated in the following represent the data from the group of all participating hospitals (n " 218).
Seven university hospitals participated in the PPS 2016. The prevalence of patients with AU in university hospitals (31.3%) was significantly higher than in non-university hospitals (25.1%) (P , 0.01). The mean AU rate in the ICU was 52.0%, significantly higher than in non-ICU wards (24.4%) (P , 0.01). Surgical (30.1%) and medical patients (27.8%) showed the highest AU prevalence, whereas paediatric (14.9%) and psychiatric (1.6%) were the patient specialties with the lowest AU prevalence.
Parenteral application (72.0%) was the most frequent route of application of antimicrobials. Of all antimicrobials, 27.6% were given orally. Other routes of application (rectal, inhalative) played only a minor role (0.4%). Among indications for AU, treatment of infections was the most prevalent (73.0%). The treatment of community-acquired infections accounted for 51.3% and treatment of infections acquired in long-term care facilities was the reason for AU in 1.7% of applications. Treatment of infections acquired in acute care hospitals made up 20.0% of all AU and Aghdassi et al. 21 .7% of AU were administered as prophylaxis. Of all prophylaxes, 68.4% were for SP, whereas 31.6% were given as MP. A total of 5.4% of AU were given for unknown (4.7%) or other (0.7%) indications (e.g. erythromycin as a prokinetic agent). Regarding SP, a significant increase in the proportion of single-dose applications from 2011 to 2016 (23.3% versus 38.5%) was observed (P , 0.01). Correspondingly, a significant decrease in the proportion of prophylaxis for more than 1 day (70.3% versus 56.1%) was noted (P , 0.01) ( Table 2) .
There was significantly less documentation of indication in 2016 than in 2011. In 2011, the indication for the application was documented in the patient notes for 72.5% of antimicrobials. In 2016, that value was significantly lower (68.7%, P , 0.01).
Penicillins plus b-lactamase inhibitors (BLIs) represented the most frequently administered antimicrobial group (23.2%) followed by second-generation cephalosporins (12.9%), fluoroquinolones (11.3%), third-generation cephalosporins (8.9%) and carbapenems (6.2%). A significant increase was noted in the application of penicillins plus BLIs. Conversely, significantly less usage of fluoroquinolones, second-generation cephalosporins, third-generation cephalosporins and penicillins with extended spectrum was observed. Table 3 illustrates the 10 most frequently administered antimicrobial groups of the PPS 2016 compared with data from the 2011 survey. Almost 99% of all second-generation cephalosporins were cefuroxime. Unlike the other four most frequently documented antimicrobial groups, which were predominantly used for therapeutic indications, second-generation cephalosporins were administered primarily for antimicrobial prophylaxis.
Cefuroxime (12.8%), piperacillin plus BLI (12.1%) and ciprofloxacin (8.0%) were the most frequently administered antimicrobial agents in 2016. Significantly more piperacillin plus BLI, ampicillin plus BLI, meropenem, clarithromycin and trimethoprim/sulfamethoxazole were used in 2016. A significant decrease was noted in the usage of cefuroxime and ciprofloxacin (Table 4) . Trimethoprim/ sulfamethoxazole was the most frequently used agent for MP (20.6% of all MP). Figures 1 and 2 illustrate the most frequently administered antimicrobial groups for the treatment of lower respiratory infections (LRI) and urinary tract infections (UTI).
The validation of the collected data, for which members of the NRZ visited 10 hospitals including 432 patient cases, revealed a sensitivity of 96.7% and a specificity of 99.7% in identifying patients with AU. Group of hospitals that participated in both surveys. Point prevalence data on antimicrobial usage in Germany
JAC
Discussion
The PPS 2011 revealed a prevalence of patients with AU of 25.5%, which was substantially higher than the prevalence that was determined in the first national prevalence survey in 1994 (17.7%). 14, 15 In 2016, the survey was repeated following a largely identical methodology. Therefore, comparisons of the 2011 and the 2016 national surveys are most reliable. Various subgroups were identified for data analysis, of which the group of all participating hospitals, the representative sample as required by the ECDC, and the core group of hospitals participating both in 2011 and 2016 are of particular interest.
When comparing prevalence data from 2011 and 2016, a significant decrease in AU prevalence was noted in the representative sample. However, AU prevalence remained at a rather constant level in the group of all participating hospitals. Moreover, it increased significantly in the core group. It is important to note that sampling for the representative sample was based solely on hospital size given in the German hospital register. Consequently, the representative sample is prone to random effects, which reduce the comparability of its data. The core group provides data for the most reliable comparison. However, it is possible that it does not accurately represent the overall situation in Germany. The 46 hospitals might have participated in the PPS again because of a higher than usual interest in surveillance and aspects of AMS or because they identified relevant problems in previous surveys.
Patient demographics, such as the average age of patients hospitalized in Germany, remained at a constant level from 2011 to 2016. 16 The average length of stay of patients in German hospitals has not changed substantially between 2011 and 2016 either, 17 which increases the comparability of the 2011 and 2016 surveys.
The high sensitivity and specificity in identifying patients with AU, which was shown by the validation study in 10 hospitals, corroborate the validity of the results on AU prevalence as assessed by the local data collection teams.
The frequent parenteral application of antimicrobials that was observed in the current survey may be linked to the trend of patients being quickly discharged from hospitals after the conclusion of parenteral antimicrobial therapy. 18 The most frequent indication for AU was the treatment of community-acquired infections. Roughly one-fifth of all administered antimicrobials were given to treat hospital-acquired Aghdassi et al.
infections, which highlights the importance of infection prevention in healthcare facilities. Regarding AU for SP, a prolonged administration of SP is still frequently observed in German hospitals, which illustrates the substantial differences between the reality of SP in German hospitals and nationally and internationally established guidelines. 19, 20 Nevertheless, a significant decrease in the frequency of SP3 among all SP was noted from 2011 to 2016. This development was possibly caused by improved awareness and implementation of guidelines as well as by intensified efforts in AMS in many hospitals in recent years.
The documentation of the reason for AU in the patient charts has decreased significantly. The insufficient documentation corresponds with the relevant proportion of almost 5% of AU for which the data collection teams could not identify the reason for the AU even after consulting the ward staff.
With regard to the antimicrobial groups and agents, one of the most remarkable results was the significant increase in the percentage of penicillins plus BLIs among all administered antimicrobials, which was almost twice as high in 2016 as in 2011. Penicillins plus BLIs seem to have replaced other frequently applied antimicrobial groups, such as second-generation cephalosporins, thirdgeneration cephalosporins, fluoroquinolones and penicillins with extended spectrum. These antimicrobial groups cover a comparable range of pathogens and represented a significantly smaller proportion in 2016 than in 2011. Almost 50% of all AU could be attributed to the broad-spectrum antimicrobials: penicillins plus BLIs, fluoroquinolones, third-generation cephalosporins and carbapenems. The share of these antimicrobial groups among all AU has grown further since 2011. The significant increase in penicillins plus BLIs was largely due to the substantial and statistically significant increase in the use of piperacillin plus BLI (mostly tazobactam), which has almost tripled. Noticeably, the use of ampicillin plus BLI (usually sulbactam) has also grown significantly from 2011 to 2016. Both for community-acquired and hospitalacquired LRI, penicillins plus BLIs are the most commonly used antimicrobial group. Furthermore, penicillins plus BLIs represent the second most prevalent antimicrobial group for the treatment of UTI (for community-acquired and hospital-acquired UTI combined). The high percentage of anti-pseudomonal antimicrobials for community-acquired infections is surprising and goes counter to the German guidelines for the treatment of communityacquired LRI and UTI. 21, 22 Pseudomonas spp. are not routinely found as pathogens in community-acquired LRI and UTI in patients without corresponding risk factors. Moreover, the significant increase in the use of penicillins plus BLIs may also be linked to the reported increase in Escherichia coli that is resistant to thirdgeneration cephalosporins in Germany. 23 Carbapenems represent the fifth most frequently used antimicrobial group. An increase was observed from 2011 to 2016 for all carbapenems; in particular, the use of meropenem has grown Point prevalence data on antimicrobial usage in Germany JAC significantly. A possible explanation can also be seen in the increase in resistance to third-generation cephalosporins. 24 In times of emerging carbapenem-resistant organisms, 25 the high consumption of carbapenems reveals significant potential for improvement and for reducing the use of broad-spectrum antimicrobials.
The significant increase in the use of trimethoprim/sulfamethoxazole is owing to the fact that this agent was the most frequently used antimicrobial for MP. With a share of 6.8%, 7 MP continues to be a relevant indication for AU in German acute care hospitals.
The prevalence of patients with AU is rather low in Germany compared with other European countries. 5 Nevertheless, the results of the PPS 2016 re-emphasize the areas for improvement that previous surveys already identified: the prolonged administration of SP, the insufficient documentation of indication, the relevant proportion of antimicrobials for which no indication can be identified (even after consulting the ward staff) and an increase in the use of broad-spectrum antimicrobials. Despite recent efforts to promote AMS in German hospitals, 26 the results of the PPS 2016 do not reveal substantial measurable progress on the matter yet. It is therefore crucial to invest further in AMS education and training and in hospital-wide AMS activities. 27 
